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(54) BETA-FRUCTOFURANOSIDASE AND GENE THEREOF 

(57) A novel p-fructofuranosidase and its gene are 
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sequence of SEQ ID No. 1 or No. 3 is an enzyme having 
p-fructofuranosidase activity and high transferase activ- 
ity, and is capable of efficiently producing fructooli- 
gosaccharides. 
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Description 

Background of the Invention 



5 Field of the Invention 

« 

10001 1 The present invention relates to a p-fructofuranosidase having a fructose transferase activity, which is useful 
for the industrial production of fructooligosaccharides, and its gene and use. 

10 

[0002] The molecular structure of a fructooligosaccharide is the same as that of sucrose, except that the fructose 
half of a fructooligosaccharide is coupled with another one to three fructose molecules at positions C1 and C2 via a p- 
bond. Fructooligosaccharides are indigestible sugars known for their physiological advantages, such as the facilitation 
is of Bifidobacteria! growth in the intestines, metabolic stimulation for chotesterols and other lipids, and little cariosity. 
[0003] Fructooligosaccharides are found in plants, such as asparagus, onion. Jerusalem-artichoke and honey. 
They are also synthesized from sucrose by the newly industrialized mass production technique using fructosyrtransfer 
reaction which is catalyzed by a p-fructofuranosidase derived from a microorganism. 

[0004] The molecular structure of 1-kestose and nystose, which make up component of industrially produced fruc- 

20 todigosaccharide mixtures of today, are the same as that of sucrose except that their fructose half is coupled with one 
and two molecules of fructose, respectively. It has been found recently that their high-purity crystals exhibit new desir- 
able characteristics both in physical properties and food processing purpose while maintaining the general physiologi- 
cal advantages of fructooligosaccharides (Japanese Patent Application No. 222923/1995, Japanese Laid-Open 
Publication No. 31 1 60/1 994). In this sense, they are fructooligosaccharide preparations having new features. 

25 [0005] In consideration of the above, some of the Inventors have already proposed an industrial process for produc- 
ing crystal 1 -ketose from sucrose (Japanese Patent Application No. 64682/1996, Japanese Patent Application No. 
77534/1 996. and Japanese Patent Application No. 77539/1 996). According to this process, a p-fructofuranosidase har- 
boring fructosyitransferase activity is first allowed to act on sucrose to produce 1-kestose; the resultant 1-kestose is 
fractionated to a purity of 80% or higher by chromatographic separation; then, using this fraction as a crystallizing sam- 

30 pie. crystal 1-kestose is obtained at a purity of 95% or higher. The p-fructofuranosidase harboring fructosyitransferase 
activity used in this process should be able to produce 1-kestose from sucrose at a high yield while minimizing the 
byproduct nystose. which inhibits the reactions in the above steps of chromatographic separation and crystallization. In 
the enzyme derived from Aspergillus niger. which is currently used for the industrial production of fructooligosaccha- 
rides mixtures, the 1 -kestose yield from sucrose is approximately 44%, while 7% is turned to nystose (Japanese Patent 

35 Application No. 64682/1 996). These figures suggest that the enzyme has room for improvement in view of the industrial 
production of crystal 1 -ketose. 

[0006] As a next step, some of the inventors have successfully screened new enzymes having more favorable char- 
acteristics from Penicillium roqueforti and Scboularioosis brevicaulis. These enzymes were able to turn 47% and 55% 
of sucrose into 1-kestose, respectively, and 7% and 4% to nystose (Japanese Patent Application No. 77534/1996, and 

40 Japanese Patent Application No. 77539/1996). These enzymes are inferior in productivity ami stability to the enzyme 
derived from Aspergillus niger, and have room for improvement in view of the industrial production of crystal 1 -ketose. 
[0007] Thus, some of the inventors had paid attention to the procedure of genetic engineering as a process for 
improving the productivity of the enzyme, isolated the gene encoding p-fructofuranosidase from Penicillium roaueforti 
and $copulariopgis brevicaulis, respectively, and conducted the structure analysis (PCT/JP97/00757). As a result, the 

45 translation regions encoding 565 amino acids and 574 amino acids as a mature protein were respectively deduced in 
the p-fructofuranosidase genes from Penicillium roaueforti and Scopulariopsis brevicaulis and their expression prod- 
ucts were shown to have p-fructofuranosidase activity, like the p-fructofuranosidase gene from Aspergillus niger (LM 
Boddy et al., Curr. Genet. 24, 60-66 (1993)). 



50 Summary of the Invention 

[0008] The inventors have now found that the addition of 38 and 39 amino acids to the C-terminal of the p-fructo- 
furanosidase genes from Penicillium roaueforti and Scopulariopsis brevicaulis. which were previously found by some of 
the inventors, improves its activity. 
55 [0009] Thus, an object of the present invention is to provide a novel p-fructofuranosidase and its gene 

[0010] The novel p-fructofuranosidase according to the present invention is a polypeptide comprising the amino 
acid sequence of SEQ ID No. 1 or 3 or a homologue thereof. 

[001 1 ] Furthermore, the gene according to the present invention is a DNA encoding the above polypeptide. 



3 



5DOCID: <EP 



1022332A1 I > 



Best Available Copy 



EP 1 022 332 A1 

[0012] The amino acid sequence of SEQ ID No. 1 or 3 according to the present invention is constructed by adding 
38 and 39 amino acids to the (^terminals of the p-fructofuranosidase genes from Penicfllium roqueforti and Scopulari- 
QQSIS brgvfcaufe , which were previously found by some of the inventors as descrfoed above. It has been found that an 
intror^actuafly exists at the region of the p-fructofuranosWase gene, which was presumed to encode the C-terminal 
amino adds by some of the present inventors and that the p-fructofuranosidase genes further encode 38 and 39 amino 
acids of the C-terminal. Surprisingly, the p-fructofuranosidase activity was remarkably inproved by adding these amino 
acids to the C-terminal, as compared with the protein to which these sequences are not added. 

Brief Description of the Drawing 

[0013] 

Figures 1 A. B, C and D show the construction of expression vector pYPEN02 in which a gene encoding the enzyme 
protein consisting of the amino acid sequence of SEQ ID No. 1 is introduced, and expression vector pYPENOI in 
which a gene encoding the enzyme protein consisting of the amino acid sequence from 1 to 565 of amino acid 
sequence of SEQ ID No. 1 is introduced. 

Figures 2A and B show the construction of expression vector pYSCOP02 in which a gene encoding the enzyme 
protein consisting of the amino acid sequence of SEQ ID No. 3 is introduced, and expression vector pYSCOPOl in 
which a gene encoding the enzyme protein consisting of the amino acid sequence from 1 to 574 of amino acid 
sequence of SEQ ID No. 3 is introduced. 

. * • 

Detailed Description of the Invention 
B-fructofuranosidase 

[001 4] The polypeptide according to the present invention comprises the amino acid sequence of SEQ ID No. 1 or 
3. This polypeptide haying the amino acid sequence of SEQ ID No. 1 or 3 has enzymatic activity as p-fructofuranosi- 
dase. The polypeptide according to the present invention involves a homologue of the amino acid sequence of SEQ ID 
No. 1 or 3 as shown in the sequence listing. The term "homologue" refers to an amino acid sequence in which one or 
more amino acids (for example, one to several amino acids) are inserted, substituted or deleted in, or added to either 
or both of the terminals of, the amino acid sequence of SEQ ID Nos. 1 and 3 while retaining p-fructofuranosidase activ- 
ity. Such a homologue can be selected and produced by those skilled in the art without undue experiments by referring 
to the sequence of SEQ ID No. 1 or 3. 

[001 5] The p-fructofuranosidase having the amino acid sequence of SEQ ID Nos. 1 and 3 according to the present 
invention has high fructosyftransferase activity and efficiently produces fructooligosaccharides. Specif ically, when a 
sucrose solution at a concentration of 30 wt% or more is used as a substrate for reaction, the f ructosyltransferase activ- 
ity of p-fructofuranosidase having the ammo acid sequence of SEQ ID No. 1 is at least 4 times higher, and the fructos- 
yftransferase activity of p-fructofuranosidase having the amino acid sequence of SEQ ID No. 3 is at least 7 times higher 
than hydrolytic activity. Furthermore. 50% or more of sucrose is converted to fructoofigosaccharides in both cases. 

fl-fiuctofuranosidase oene 

[0016] The novel gene encoding p-fructofuranosidase according to the present invention comprises a DNA 
sequence encoring the amino acid sequence of SEQ ID Nos. 1 and 3 or a homologue thereof. 
[0017] Generally, a nucleotide sequence which encodes the amino acid sequence of a given protein can be easily 
determined from the reference chart known as "codon table". A variety of nucleotide sequence are available from those 
encoding the amino acid sequence of SEQ ID No. 1 or 3. Therefore, the term "a nucleotide sequence encoding the 
amino acid sequence of SEQ ID No. 1 or 3" refers to the meaning including the nucleotide sequence of SEQ ID No. 2 
or 4, as well as nucleotide sequences which consist of the same codons as above allowing for degeneracy and encode 
the amino acid sequence of SEQ ID No. 1 or 3. 

[001 8] A preferred embodiment of the present invention provides, as a preferred example of the novel gene accord- 
ing to the present invention, a DNA fragment comprising the nucleotide sequence of SEQ ID No. 2 or 4. 
[001 9] As described above, the present invention encompasses a homologue of the amino acid sequence of SEQ 
ID No. 1 or 3. Therefore, the DNA fragment according to the present invention involves a nucleotide sequence which 
encodes such a homologue. 

[0020] As the nucleotide sequence of the DNA fragment according to the present invention is determined, the DNA 
fragment may be obtained according to the procedure for the synthesis of a nucleic acid. 

[0021] This sequence can also be obtained from PeoMMium roqueforti or Scooulariopsis brevicautis. preferably 
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Peniciltium roaueforti I AM 7254 or Scopulariopsis brevicaulis IF04843, according to the procedure of genetic engineer- 
ing. 

fcxpression of p-tructof u ranosRJase Gene 

5 

[0022] The p-fructofuranosidase according to the present invention can be produced in a host cell which has been 
transformed by a DNA fragment encoding the enzyme. More specifically, a DNA fragment encoding the p-fructofuran- 
osidase according to the present invention is introduced in a host cell in the form of a DNA molecule which is replicat- 
able in the host cell and can express the above gene, particularly an expression vector, in order to transform the host 

10 cell. Then, the obtained transformant is cultivated. 

[0023] Therefore, the present invention provides a DNA molecule which comprises a gene encoding the p-fructo- 
furanosidase according to the present invention, particularly an expression vector. This DNA molecule is obtained by 
introducing a DNA fragment encoding the p-fructofuranosidase according to the present invention in a vector molecule. 
According to a preferred embodiment of the present invention, the vector is a plasmid. 

15 [0024] The DNA molecule according to the present invention may be prepared by the standard technique of genetic 
engineering. 

[0025] The vector applicable in the present invention can be selected as appropriate from viruses, pfasmids, cos- 
mid vectors, etc., considering the type of the host cell used. For example, a bacteriophage in the X phage group or a 
plasmid in the pBR or pUC group may be used for E. coli host cells, a plasmid in the pUB group for Bacillus subtilis. and 

20 a vector in the YEp or YCp group for yeast. 

[0026] It is preferable that the plasmid contain a selectable marker to ensure the selection of the obtained trans- 
fer mance, such as a drug-resistance marker or marker gene complementing an auxotrophic mutation. Preferred exam- 
ple of marker genes include arrpitillin-resistance gene, kanamycin-resistance gene, and tetracycline-resistance gene 
for bacterium host cells; N-(5 , -phosphoribosyl)-anthranilate isomerase gene (TRPI) . orotidine-S'-phosphate decarbox- 

25 yiase gene (URA3), and p-isopropylmalate dehydrogenase gene (LEU2) for yeast; and hygromycin-resistance gene 
(hph), bialophos-resistance gene (bad, and nitrate reductase gene (niaD) for mold. 

[0027] It is also preferable that the DNA molecule for use as an expression vector according to the present invention 
contain nucleotide sequence necessary for the expression of the p-fructofuranosidase gene, including transcription and 
translation control signals, such as a promoter, a transcription Initiation signal, a ribosome binding site, a translation ter- 

30 minatiori signal, and a transcription termination signal. 

[0028] Examples of preferred promoters include, in addition to the promoter on the inserted fragment which is able 
to function in the host, promoters such as those of lactose operon (lac) , and tryptophan operon ftrp) for E. coli; promot- ■ 
ers such as those of alcohol dehydrogenase gene (ADH), acid phosphatase gene (PHO), galactose regulated gene 
(GAL), and glyceraldehyde-3-phosphate dehydrogenase gene (GPD) for yeast; and promoters such as those of ct-amy- 

35 lase gene (amy) and cellobiohydrolase I gene (CBHI) for mold. 

[0029] When the host cell is Bacillus subtilis. yeast or mold, it is also advantageous to use a secretion vector to 
allow H to extracellulariy secrete the produced recombinant p-fructofuranosidase. Any host cell with an established 
host-vector system may be used, preferably yeast mold, etc. It is preferable also to use the mold fungus having no p- 
fructofuranosidase activity described in PCT/JP97/00757. 

40 [0030] A novel recombinant enzyme produced by the transformant described above is obtained by the following 
procedure: first the host cell described above is cultivated under suitable conditions to obtain the supernatant or cell 
bodies from the resultant culture, using a known technique such as centrifugation; cell bodies should be further sus- 
pended in a suitable buffer solution, then homogenized by freeze-and-thaw, ultrasonic treatment, or mortar, followed by 
centrifugation or filtration to separate a cell body extract containing the novel recombinant enzyme. 

45 [0031 ] The enzyme can be purified by combining the standard techniques tor separation and purification. Examples 
of such as techniques include processes such as heat treatment which rely on the difference in thermal resistance; 
processes such as salt sedimentation and solvent sedimentation, which rely on the difference in solubility; processes 
such as dialysis, ultrafiltration and gel filtration, and SDS-polyacryiamide gel electrophoresis, which rely on the differ- 
ence in molecular weight; processes such as ion exchange chromatography, which rely on the difference in electric 

so charge; processes such as affinity chromatography, which rely on specific affinity; processes such as hydrophobic chro- 
matography and reversed-phase partition chromatography, which rely on the difference in hydrophobicrty; and proc- 
esses such as isoelectric focusing, which rely on the difference in isoelectric point. 

Production of fructoolioosaccharides using the B-fructof uranosidase 

55 

[0032] The present invention further provides a process for producing f ructooligosaccharide using the recombinant 
host or recombinant p-fructofuranosidase described above. 

[0033] In the process for producing fructooligosaccharides according to the present invention, the recombinant host 
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or recombinant p-fructofuranosidase described above is brought into contact with sucrose. 

[0034] The mode and conditions where the recombinant host or recombinant p-fructofuranosidase according to the 
present invention comes in contact with sucrose are not limited in any way provided that the novel recombinant enzyme 
is awe to act on sucrose. A preferred embodiment for contact in solution is as follows: The sucrose concentration may 

5 be selected as appropriate in the range where sucrose can be dissolved. However, considering the conditions such as 
the specific activity of the enzyme and reaction temperature, the concentration should generally fell in the range of 5% 
to 80%, preferably 30% to 70%. The temperature and pH for the reaction of sucrose by the enzyme should preferably 
be optimized for the characteristics of the novel recombinant enzyme. Therefore, the reasonable conditions are about 
30°C to 80°C, pH 4 to 1 0, preferably 40°C to 70°C, pH 5 to 7. 

10 [0035] The degree of purification of the novel recombinant enzyme may be selected as appropriate. The enzyme 
may be used either as unpurified in the form of supernatant from a transformant culture or cell body homogenate, as 
purified after processed in various purification steps, or as isolated after processed by various purification means. 
[0036] Furthermore, the enzyme may be brought into contact with sucrose as fixed on a carrier using the standard 
technique. 

is [0037] The fructooligosaccharides thus produced are purified from the resulting solution according to known proce- 
dures. For example, the solution may be heated to inactivate the enzyme, decolorized using activated carbon, then 
desalted using ion exchange resin. 

Examples 

20 

Example 1: Determination of translation region of p-f ructofuranosidase gene from Penicillium roaueforti I AM7254 

[0038] A DISIA fragment of about 2 kbp containing the p-fructofuranosidase gene from Aspergillus ni ger was ampli- 
fied by PCR using a chromosomal DNA prepared from Aspergillus nioer ATCC2061 1 according to the standard proce- 
ss dure as a template and synthetic DNAs of SEQ ID Nos. 5 and 6 as primers. This DNA fragment was fractionated by 
agarose gel electrophoresis, extracted according to the standard procedure, purified, and then dissolved in sterilized 
water to 0.1 ugAtl to prepare a DNA sample for probe. 

[0039] In the next step, a chromosomal DNA from Penicillium roquefbrti IAM7254 was prepared, about 20 ng of the 
chromosomal DNA was digested completely with EcoRI. followed by agarose gel electrophoretsis to recover about 4 
30 kbp DNA fragments. 

[0040] The recovered DNA fragments of about 4 kbp (about 0.5 ng) were Hgated with 1 *ig of Xgt10 vector which 
had been digested with EooRI and treated with phosphatase, packaged using an in vitro packaging kit QIQAPACK II 
Gold (Stratagene L.L.C.), and then introduced in fLgoli NM51 4, to prepare a library. 

[0041] A probe was prepared from DNA sample for probe above described. As a result of plague hybridization 
35 using ECL Direct DNA/RNA Labelling & Detection System (Amersham International), 4 clones turned out positive in 
about 25,000 plaques. These positive clones were purified by a second screening to prepare phage DNA, which was 
then analyzed using restriction enzymes. The result showed that all the clones had an identical EcoRI fragment of about 
4 kbp. 

[0042] The EcoRI fragments of about 4 kbp were subdivided into a small fragment to select the desired DNA region 
40 using restriction enzymes, then subdoned to plasmid vector pUCl 1 8 or pUC1 19. The plasmid DNA was obtained from 
the subclone according to the standard procedure and sequenced using ALFred DNA Sequencer (Pharmacia) as 
shown in SEQ ID No.7. 

[0043] The sequence consisting 50 bases from 1695 to 1 744 in this sequence was identified as an intron because 
it showed a typical intron structure of filamentous fungi. As a result, the sequence of SEQ ID No. 2 as a sequence 
45 encoding protein was obtained by deleting the intron from the sequence of SEQ ID No 7. The encoded amino acid 
sequence was shown in SEQ ID No. 1 . 

Example 2: Expression of p-fructofuranosidase gene from Penicillium roaueforti IAM7254 in Saccharomvces cerevisiae 

so [0044] Plasmid pYPENOI and pYPEN02 for expressing the p-fructofuranosidase gene from Penicillium roaueforti 
were prepared as follows (Figure 1 A, B, C and D). 

[0045] pYPR2831 (H. Horiuchi et al., Agric. Biol. Chem., 54. 1771 -1 779. 1990) was digested with Es*RI and Sai l, 
and then its terminals were blunted with T4 DNA polymerase. The obtained fragment was ligated with Bam HI Tinker {5- 
CGGATCCG-3*). digested with Bam HI. followed by self-ligation to obtain vector pY2831 for expression in yeast. 
55 [0046] Next, single-stranded DNA was prepared from the plasmid pPRS01 obtainad by inserting an about 4 kbp 
EcoRI DNA fragment containing the p-fructofuranosidase gene prepared in Example 1 into plasmid pUCl 18. Using the 
single-stranded DNA as a template and a synthetic DNA of SEQ ID No. 8 as a primer, the translated region of the p- 
fructofuranosidase gene was subjected to site-specific mutagenesis to disrupt the Bam HI site without changing the 
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encoded amino acid sequence (pPRS02). 

[0047] A part of the translated region of the p-fructofuranosidase gene was prepared as an about 1 .8 kbp Bam HI 
fragment by PCR using plasmid pPRS02 as a template and synthetic DNAs of SEQ ID Nos. 9 and 10 as primers, and 
inserted into trie gamHI site of plasmid pY2831 to prepare pYPENOI. Thus, plasmid pYPENOI is designed to produce 
5 an enzyme protein comprising an amino add sequence from 1 to 565 in the amino acid sequence of SEQ ID No. 1, 
which is a mature p-fructofuranosidase following secretion signal sequence. 

[0048] Further, a DNA fragment containing the translated region of the p-fructofuranosidase gene was prepared as 
an about 1 .8 kbp BamHI fragment by PCR using plasmid pPRS02 as a template and synthetic DNAs of SEQ ID Nos. 9 
and 1 1 as primers, and inserted into the Bam HI site of plasmid pUC1 18 to prepare plasmid pPRS03. A single-stranded 

10 DNA was prepared from plasmid pPRS03. As a result of site-specific mutagenesis using this as a template and a syn- 
thetic DNA of SEQ ID No. 12 as a primer, the intron sequence was removed (pPRS04). The translated region of the p- 
fructofuranosidase gene was prepared as an about 1.8 kbp Bam HI fragment from plasmid pPRS04. and inserted into 
the BamHI site of plasmid pY2831 to prepare plasmid pYPEN02 Thus, plasmid pYPEN02 is designed to produce an 
enzyme protein comprising an amino acid sequence of SEQ ID No. 1, which is a mature p-fructofuranosidase following 

is secretion signal sequence. 

[0049] Plasmids pYPENOI and pYPEN02 were introduced into Saccharomyces cerevisiae MS-161 (Suc\ yra3. 
t£Bl) by the lithium-acetate method (Ito, H. et ah. J. BacterioL. 153. 163-168. 1983) to obtain transformants. The trans- 
fer mants were cultivated in an SD-Ura medium (0.67% yeast nitrogen base (Difco). 2% glucose and SO^g/ml uracil) at 
30°C overnight. The culture was seeded in a production medium (0.67% yeast nitrogen base Difco. 2% glucosece, 2% 
20 casamino acid and 50jig/ml uracil) at a final concentration of 1% and cultivated at 30°C for 2 days. The culture super- 
natant was analyzed for p-fructofuranosidase activity, in units. Le., the quantity of free glucose &i md) released in 1 
minute in 1 0 wt% sucrose solution. pH 5.5. at 40°C for 60 minutes. As a result, the transformant with plasmid pYRENOl 
exhibited 4 x 10* 4 units/ml or less of activity while the transformant with plasmid pYREN02 exhibited 0.38 units/ml of 
activity. 

25 

Example 3: Determination of the translated region of p-fructofuranosidase gene from Scopulariopsis brevicaulis 
IF04843 

[0050] The chromosomal DNA was prepared from Scopularioosis brevicaulis IF04843. About 20 jig of a chromo- 
30 soma! DNA sample was completely digested with EcoRl. and electrophoresed through an agarose gel to recover an 
about 10 kbp DNA fragment. 

[0051] The recovered DNA fragment of about 10 kbp (about 0.5 jig) were ligated with 1 fig of XDASHII vector 
digested with Hindlll and EqoRI. and packaged using an in vitro packaging kit, GIGAPACK II Gold (Stratagene LLC), 
then introduced in 1, COli XL1 -Blue MRA (P2). to prepare a library. 
35 [0052] As a result of plague hybridization using ECL Direct DNA/RNA Labelling & Detection System (Amersham 
International), with the about 2 kbp DNA fragment used in Example 1 as a probe. 3 clones turned out positive in about 
15.000 plaques. These positive clones were purified by a second screening to prepare phage DNA, which was then 
analyzed using restriction enzymes. The result showed that all the clones had an identical EcoRl fragment of about 10 
kbp. 

40 [0053] These EqqRI fragments of about 10 kbp were subdivided into a small fragment to select the desired DNA 
region using restriction enzymes, then subcloned to plasmid vector pUC118 or pUC119. The plasmid DNA was 
obtained from the subclone accorcfing to the standard procedure and sequenced using ALFred DNA Sequencer (Phar- 
macia) as shown in SEQ ID No. 13. 

[0054] The sequence comprising 55 bases from 1 722 to 1 776 in this sequence was identified as an intron because 
45 it showed a typical intron structure of filamentous fungi. As a result, the sequence of SEQ ID No. 4 as a sequence 
encoding protein was obtained by deleting the intron from the sequence of SEQ ID No. 13. The encoded amino acid 
sequence was shown SEQ ID No. 3. 

Example 4: Expression of p-fructofuranosidase gene from Scopulariopsis brevicaulis IF04843 in Saccharomvces cer- 
so evisiae 

[0055] Plasmid pYSCOPOl and pYSCOP02 for expressing the p-fructofuranosidase gene from Scopulariopsis 
brevicaulis were prepared as follows (Figure 2A and B). 

[0056] A part of the translated region of the p-fructofuranosidase gene was prepared as an about 1 .8 kbp Bam HI 
55 fragment by PCR using about 10 kbp EcoRl DNA fragment prepared in Example 3 containing the p-fructofuranosidase 
gene as a template and synthetic DNAs of SEQ ID Nos. 1 4 and 1 5 as primers, and inserted into the Bam HI site of plas- 
mid pY2831 to prepare pYSCOPOl . Thus, plasmid pYPENOI is designed to produce an enzyme protein comprising an 
amino acid sequence from 1 to 574 in the amino acid sequence of SEQ ID No. 3. which is a mature p~f ructofuranosi- 
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dase following secretion signal sequence. 

[0057] Next, a DNA fragment containing the translated region of the p-fructofuranosidase gene was prepared as an 
about 1.9 kbp gamHI fragment by PCR using an about 10 ktop EroRI fragment containing the p-fructofuranosidase 
gene as a template and synthetic DNAs of SEQ ID Nos. 14 and 1 6 as primers, and inserted irrto the BamHI site of plas- 

5 mid pUC1 18 to prepare plasmid pSCBOI. A single-stranded DNA was prepared from plasmid pSCBOL As a result of 
site-specific mutagenesis using this as a template and the synthetic DNA of SEQ ID No. 17 as a primer, the irrtron 
sequence was removed (pSCB02). The translated region of the p-fructofuranosidase gene was prepared as an about 
1 .9 kbp BamHI fragment from plasmid pSCB02, and inserted into the Bam HI site of plasmid pY2831 to prepare plasmid 
pYSCOPO?. Thus, plasmid pYSCOP02 is designed to produce an enzyme protein comprising an amino acid sequence 

io of SEQ ID No. 3, which is a mature p-fructofuranosidase following secretion signal sequence. 

[0058] Plasmids pYSCOPOl and pYSCOP02 were introduced into Saccharomy rAR cerevisiae MS-161 (Sue . yia3. 
!!B1) by the lithium-acetate method to obtain transformants. The transformants were cultivated in an SD-Ura medium at 
30°C overnight The culture was seeded a production medium at a final concentration of 1% and cultivated at 30°C for 
2 days. The culture supernatant was analyzed for p-fructofuranosidase activity in the same manner as described in 

is Example 2. As a result, the transformant with plasmid pYSCOPOl exhibited 4 x 10" 4 units/ml or less of activity, while 
the transformant with plasmid pYSCOP02 exhibited 6.5 x 10" 3 units/ml of activity. 
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SEQUENCE LISTING 



10 



IS 



20 



25 



30 



35 



40 



SO 



55 



<110> ME! Jl SEIKA KAISHA. LTD. 



<1Z0> Beta-f ructof uranosidase and its gene 



<130> 116875-475 



<M0> 

<!41> 1998-9-10 



<150> JP/245154/1997 
<151> 1997-9-10 



<!60> 17 



<H0> Patentln Ver. 2. 0 



<210> 1 
<211> 603 
<212> PRT 

<213> Penicilliuio roqueforti IAM72S4 
<220> 

<221> mat peptide 
45 <222> (1)... (603) 



<400> 1 

Val Asp Phe His Thr Pro lie Asp Tyr Asn Ser Ala Pro Pro Asn Leu 
1 5 io | 5 
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Best Available Copy 



10 



20 



25 



30 



35 



AO 



SO 



EP 1 022 332 A1 



Ser Thr Leu Ala Asn Ala Ser Leu Phe Lys Thr Trp Arg Pro Arg Ala 



20 25 30 

His Leu Leu Pro Pro Ser Cly Asn lie G I y Asp Pro Cys Gly His Tyr 

35 40 45 

Thr Asp Pro Lys Thr Cly Leu Phe His Val Cly Trp Leu Tyr Ser Gly 

50 55 60 

lie Ser Gly Ala Thr Thr Asp Asp Leu Val Thr Tyr Lys Asp Leu Asn 
is 65 TO 75 30 

Pro Asp Gly Ala Pro Ser Me Val Ala Gly Gly Lys Asn Asp Pro Leu 

85 90 95 

Ser Va! Phe Asp Gly Ser Val lie Pro Ser Gly lie Asp Gly Met Pro 

100 105 110 

Thr Leu Leu Tyr Thr Ser Val Ser Tyr Leu Pro lie His Trp Ser Me 

115 120 125 

Pro Tyr Thr Arg Gly Ser Glu Thr Gin Ser Leu Ala Val Ser Tyr Asp 

130 115 140 

Gly Gly His Asn Phe Thr Lys Leu Asn Cln Gly Pro Val Me fro r hr 

'50 155 \S0 

Pro Pro Phe Ala Leu Asn Val Thr Ala Phe Arg Asp Pro Tyr Vat Phe 

165 170 175 

Gin Ser Pro Me Leu Asp Lys Ser Val Asn Ser Thr Gin Gly Thr Trp 

ISO 185 190 

Tyr Val Ala Me Ser Cly Gly Val His Cly Val Cly Pro Cys Cln Phe 
195 200 205 

45 Leu Tyr Arg Cln Asn Asp Ala Asp Phe Gin Tyr Trp Glu Tyr Leu Gly 

210 215 220 

Gin Trp Trp Lys Glu Pro Leu Asn Thr Thr Trp Gly Lys Gly Asp Trp 
225 230 235 240 

Ala Gly Gly Trp Gly Phe Asn Phe Glu Val Gly Asn Val Phe Ser Leu 
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245 250 255 

Asn Ala Glu Gly Tyr Ser Glu Asp Gly Glu He Phe lie Thr Leu Gly 

260 255 270 

Ala Glu Gly Ser Gly Leu Pro lie Val Pro Gin Val Scr Ser lie Arg 

275 280 285 

Asp Met Leu Trp Val Thr Gly Asn Val Thr Asn Asp Gly Ser Val Thr 

290 295 300 

Phe Lys Pro Thr Met Afa Gly Val Leu Asp Trp Gly Val Ser Ala Tyr 
305 310 315 320 

Ala Ata Ala Gly Lys Me Leu Pro Ala Ser Ser Gin Ala Ser Thr Lys 

325 330 335 

Ser Gly Ala Pro Asp Arg Phe lie Ser Tyr Val Trp Leu Thr Gly Asp 

340 345 350 

Leu Phe Glu Gin Val Lys Gly Phe Pro Thr Ala Gin Gin Asn Trp Thr 

355 360 365 

Gly Ala Leu Leu Leu Pro Arg Glu Leu Asn Val Arg Thr lie Ser Asn 

370 375 380 

Val Val Aso Asn ? t \j _ -i u 3er Arg Glu Ser Leu Thr 3er Tr? val 
385 390 39S 400 

Ala Arg Glu Asp Ser Gly Gin lie Asp Leu Glu Thr Met Gly lie Ser 

405 410 415 

Me Ser Arg Glu Thr Tyr Ser Ala Leu Thr Ser Gly Ser Ser Phe Val 

420 425 430 

Glu Ser Gly Lys Thr Leu Ser Asn Ala Gly Ala Val Pro Phe Asn Thr 

435 440 445 

Ser Pro Ser Ser Lys Phe Phe Val Leu Thr Ala Asn Me Ser Phe Pro 

450 455 460 

Thr Ser Ala Arg Asp Ser Gly Me Gin Ala Gly Phe Gin Val Leu Ser 
465 470 475 480 
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Ser Ser Leu Glu Ser Thr Thr lie Tyr Tyr Gin Phe Ser Asn Glu Ser 



48S 490 495 

Me lie Vai Asp Arg Ser Asn Thr Scr Ala Ala Ala Arg Thr Thr Ala 

500 SOS 510 

Gly lie Leu Ser Asp Asn Glu Ala Gly Arg Leu Arg Leu Phe Asp Yal 

515 520 525 

Leu Arg Asn Gly Lys Glu Gin Val Glu Thr Leu Glu Leu Thr Me Val 
is 530 535 540 

Val Asp Asn Ser Val Leu Glu Val Tyr Ala Asn Gly Arg Phe Ala Leu 
545 550 555 560 

Cly Thr Trp Ala Arg Ser Trp Tyr Ala Asn Ser Thr Lys Me Asn Phe 

565 570 5T5 

Phe His Asn Gly Val Gly Glu Ala Thr Phe Glu Asp Val Thr Val Phe 

S&Q 585 590 

Glu Cly Leu Tyr Asp Ala Trp Pro Gin Arg Lys 
S95 600 



<zio> i 

<2M> 1809 
<212> DNA 

<213> PenicMMum roqueforti IAM7254 
<220> 

<221> mat peptide 
<222> (1).. . (1809) 



<400> 2 

gttgatttcc ataccccgat tgactataac tcggctccgc caaacctttc taccctggca 60 

aacgcatctc ttttcaagac atggagaccc agagcccatc ttctccctcc atctgggaac 120 

ataggcgacc cgtgcgggca ctataccgat cccaagactg gtctcttcca cgtgggttgg 180 
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ctttacagtg ggatttcggg agcgacaacc gacgatctcg ttacctataa agacctcaat 240 

cccgatggag ccccgTcaal tgttgcagga ggaaagaacg accctctttc tgtcttcgat 300 

5 

ggctcggtca ttccaagcgg tatagacggc atgccaactc ttctgtatac ctctgtatca 360 

tacctcccaa tccactggtc catcccctac acccggggaa gcgagacaca atccttggcc 420 

10 gtttcctatg acggtggtca caacttcacc aagctcaacc aagggcccgt gatccctacg 480 

cctccgtttg ctctcaatgt caccgctttc cgtgacccct acgttttcca aagcccaatt 540 

ctggacaaat ctgtcaatag tacccaagga acatggtatg tcgccatatc tggcggtgtc 600 

cacggtgtcg gaccttgtca gttcctctac cgtcagaacg acgcagattt tcaatattgg 660 

gaatatctcg ggcaatggtg gaaggagccc cttaatacca cttggggaaa zzgtg&ctzg 720 

gccgggggtt ggggcttcaa ctttgaggtt ggcaacgtct ttagtctgaa tgcagagggg 780 

tatagtgaag acggcgagat attcaUacc ctcggtgctg agggttcggg acttcccatc 840 

gttcctcaag tctcctctat tcgcgatatg ctgtgggtga ccggcaatgt cacaaatgac 900 

ggctctgtca ctttcaagcc aaccatggcg ggtgtgcttg actggggcgt gtcggcatat 960 

gctgctgcag gcaagatctt gccggccagc tctcaggcat ccacaaagag cggtgccccc 1020 

gatcggttca tttcctatgt ctggctcact ggagatctat tcgagcaagt gaaaggattc 1080 

30 cctaccgctc aacaaaactg gaccggggcc ctcttactgc cgcgagagct gaatgtccgc 1140 

actatctcta acgtggtgga taacgaactt tcgcgtgagt ccttgacatc gtggcgcgtg 1200 

*cccgc?aag sctctsg-.ca aatcgacctt saaacaatgg saatctcaat 'tccaeggag 1250 

acttacagcg ctctcaca-c cggctcatci Cttgtcgagt ctggtaaaac Higtcgzat 1320 

gctggagcag tgcccttcaa tacctcaccc tcaagcaagt tcttcgtgct gacagcaaat 1380 

atatctttcc cgacctctgc ccgtgactct ggcatccagg ctggtttcca ggttttatcc 1440 

tctagtc.ttg agtctacaac tatctactac caattctcca acgagtccat catcgtcgac 1500 

cgcagcaaca cgagtgctgc ggcgagaaca actgctggga tcctcagtga taacgaggcg 1560 

ggacgtctgc gcctcttcga cgtgttgcga aatggaaaag aacaggttga aactttggag 1 6*2 0 

ctcactatcg tggtggataa tagtgtactg gaagtatatg ccaatggacg ctttgctcta 1680 

ggcacttggg ctcggtcttg gtacgccaac tcgactaaaa ttaacttctt ccataacggc 1740 

50 gtgggagaag cgacattcga agatgtgacg gtctttgaag gactgtatga tgcctggcca 1800 

caaaggaag 1809 
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20 



30 



35 



40 



45 



<M0> 3 



<2 1 1 > 613 

5 

<m> prt 

<213> Scopulariopsis brevicaulis IF04843 

io <»0> 

<2 2 1 > nat peptide 
<222> (1). (61 3) 

<400> 3 

Gin Pro Thr Ser Leu Ser lie Asp Asn Ser Thr Tyr Pro Ser lie Asp 

1 5 10 15 

Tyr Asn Ser Ala Pro Pro Asn Leu Ser Thr Leu Ala Asn Asn Ser Leu 

20 25 30 

Phe Glu Thr Trp Are Pro Arg Ala His Val Leu Pro Pro Gin Asn Gin 

35 40 45 

Me Gly Asp Pro Cys Met His Tyr Thr Asp Pro Glu Thr Gly lie Phe 

SO 55 60 

4is /al Gly Ttd *_eu 7yr Asn Gly Asn :j 1 y Alz oer ^ly Ala hr Thr 
65 70 75 80 

Glu Asp Leu Val Thr Tyr Gin Asp Leu Asn Pro Asp Gly Ala Gin Met 

85 30 95 

Me Leu Pro Gly Gty Val Asn Asp Pro Me Ala Val Phe Asp Gly Ala 

100 105 110 

Val Me Pro Ser Gly Me Asp Gly Lys Pro Thr Met Met Tyr Thr Ser 

MS 120 125 

Val Ser Tyr Mel Pro Me Ser Trp Ser lie Ala Tyr Thr Arg Gly Ser 
130 135 140 

so Glu Thr His Ser Leu Ala Val Ser Ser Asp Gly Gly Lys Asn Phe Thr 

145 150 ' 155 160 



55 



14 



DOCICh <EP. 



1022332A1 I > 



Best Available Copy 



10 



25 



30 



35 



40 



SO 



EP 1 022 332 AT 



Lys Leu Val Gin Gly Pro Val Me Pro Ser Pro Pro Phe Gly Ala Asn 



165 170 Tf5 
Val Thr Ser Trp Arg Asp Pro Phe Leu Phe Gin Asn Pro Gin Phe Asp 

180 185 190 

Ser Leu Leu Glu Ser Glu Asn Gly Thr Trp Tyr Thr Val lie Ser Gly 

195 200 205 

Gly lie His Gly Asp Gly Pro Ser Ala Phe Leu Tyr Arg Gin Hrs Asp 
is 210 215 220 

Pro Asp Phe Gin Tyr Trp Glu Tyr Leu Gly Pro Trp Trp Asn Glu Glu 
225 230 235 240 

20 Gly Asn Ser Thr Trp Gly Ser Gly Asp Trp Ala Gly Arg Trp Gly Tyr 

245 250 25S 

Asn Phe Glu Val lie Asn lie Val Gly Leu Asp Asp Asp Gly Tyr Asn 

260 265 Z70 

Pro Asp Gly Glu lie Phe Ala Thr Val Gly Thr Glu Trp Ser Phe Asp 

275 280 285 

Pro lie Lys Pro Gin Ala Ser Asp Asn Arg Glu Met Leu Trp Ala Ala 

290 295 300 

Gly Asn Met Thr Leu Glu Asp Gly Asp lie Lys Phe Thr Pro Ser Met 
305 310 315 320 

Ala Gly Tyr Leu Asp Trp Gly Leu Ser Ala Tyr Ala Ala Ala Gly Lys 

325 330 335 

Glu Leu Pro Ala Ser Ser Lys Pro Ser Gin Lys Ser Gly Ala Pro Asp 

340 345 350 

45 Arg Phe Val Ser Tyr Leu Trp Leu Thr Gly Asp Tyr Phe Glu Gly His 

355 360 365 

Asp Phe Pro Thr Pro Gin Gin Asn Trp Thr Gly Ser Leu Leu Leu Pro 

370 375 380 

Arg Glu Leu Ser Val Gly Thr Me Pro Asn Val Val Asp Asn Glu Leu 
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20 



25 



30 



40 



45 



50 



EP 1 022 332 A1 



385 390 395 400 



s Ala An Gfu Thr Gly Ser Trp Arg Val Gfy Thr Asn Asp Thr Gly Val 

405 410 415 

Leu CJu Leu Val Thr Leu Lys Gin Glu lie Ala Arg Glu Thr Leu Ala 
10 420 425 430 

Glu Met Thr Ser Gly Asn Ser Phe Thr GIu Ala Ser Arg Asn Val Ser 

435 440 445 

Ser Pro Gly Ser Thr Ala Phe Gin Gin Ser Leu Asp Ser Lys Phe Phe 

450 455 460 

Val Leu Thr Ala Ser Leu Ser Phe Pro Ser Ser Ala Arg Asp Ser Asp 
465 470 475 480 

Leu Lys Ala Gly Phe Glu He Leu Ser Ser Glu Phe Glu Ser Thr Thr 

485 490 495 

Val Tyr Tyr Gin Phe Ser Asn Gfu Ser He He lie Asp Arg Ser Asn 

500 505 510 

Ser Ser Ala Ala Ala Leu Thr Thr Asp Gly lie Asp Thr Arg Asn Glu 

515 520 525 

Phe Gly l y s Met Ar? Leu Phe Asp Val Val Glu Gly Asp Gin llu Arg 
35 530 535 540 

He Glu Thr Leu Asp Leu Thr He Val Va! Asp Asn Ser He Val Glu 
S45 550 555 560 

Val His Ala Asn Gly Arg Phe Ala Leu Ser Thr Trp Val Arg Ser Trp 

565 570 575 

Tyr Glu Ser Ser Lys Asp He Lys Phe Phe His Asp Gly Asp Ser Thr 

580 585 590 

Val Gin Phe Ser Asn lie Thr Val Tyr Glu Gly Leu Phe Asp Ala Trp 

595 600 60S 

Pro Glu Arg Ala Arg 
610 
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<210> 4 
s <211> 1839 

<212> ONA 

<213> Scopu I ar i ops i s brevicaulis IF04843 
io <220> 

<221> mat peptide 
<222> (1). . . (1839) 

15 





<400> 4 














20 


caacc tacgt 


c tctgtcaat 


cgacaat tec 


aegtatect t 


c ta tcgac t a 


caac t ccgcc 


60 




cctccaaacc 


tctcgactct 


tgccaacaac 


agect c t teg 


agaca tggae 


gc czagKKca 


120 




cacgtcct tc 


cgccccagaa 


ccaga tegge 


gatccgtgta 


tgcac tacac 


cgacccc gag 


180 


25 


acaggaa tc t 


tccacgtcgg 


ctggc tgtac 


aacggcaa tg 


gege 1 1 cegg 


c gccacgac c 


240 




gaggatctcg 


tcacc tatca 


ggatctcaac 


cccgacggag 


cgcaga tgat 


cc 1 1 ccgggt 


300 

Wm W W 




ggtgtgaatg 


accccat tgc 


tgtct ttgac 


ggcgcggt ta 


t tcccagt gg 


ca t tga tggg 


360 


30 


a a • f* f f* a c ^ a 


i&a ig i *i ac 


c x egg ig i ca 


i aca tgecca 


t c tec tggag 


catcgcttac 


420 




accaggggaa 


gcgagacc ca 


zXzlc i cgea 


fjtgtCgtCCg 


a eggegg Ua 


a : t • cac c 


450 


35 


aagc tggtgc 


agggccccgl 


ca 1 1 cc t teg 


cc ice c t teg 


gcgccaac g t 


gic cage tgg 


540 


cgtgacccct 


tcctgt tcca 


aaacccccag 


t tcgac tctc 


tec tcgaaag 


egagaaegge 


600 




acgtggtaca 


ccgt ta tc tc 


tggtggca tc 


cacggtgacg 


gcccc teege 


gt tec tc tac 


660 


40 


cgtcagcacg 


accccgac t i 


ccagtac tgg 


gagtacc t tg 


gaccgtggtg 


gaacgaggaa 


720 




gggaac tcga 


cc tggggcag 


eggtgae tgg 


gctggccggt 


ggggc tacaa 


c 1 1 cgaggtc 


780 




atcaaca t tg 


tcggtc t tga 


cgatgatggc 


tacaaccccg 


acggtgaaa t 


c 1 1 tgccacg 


840 


45 


gtaggtaccg 


aatggtcg 1 1 


tgacccca tc 


aaacegcagg 


cc teggacaa 


cagggagatg 


900 




ctctgggccg 


cgggcaacat 


gactc tcgag 


gaeggegata 


tcaagt tcac 


gecaagcatg 


960 




gcgggc tacc 


tcgac tgggg 


tc ta teggeg 


ta tgccgccg 


c tggcaagga 


gc tgcccgc t 


1020 


50 


tc t tcaaagc 


c t tcgcagaa 


gagcggtgcg 


ccggaccgg t 


t cgtgtcgt a 


cc tgtggctc 


1080 




accggtgact 


ac t tcgaggg 


ccacgac t tc 


cccaccccgc 


agcagaa t tg 


gaeegge teg 


1 140 
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cttttgcttc cgcgtgagct gagcgtcggg acgaUccca acgttgtcga caacgagctt 1200 

5 gctcgcgaga cgggctcttg gagggttegc accaacgaca ctggcgtgct tgagctggtc 1260 

actctgaagc aggagattgc tcgcgagacg ctggctgaaa tgaccagcgg caactccttc 1320 

accgaggcga gcaggaatgt cagctcgccc ggatctaccg ccttccagca gtccctggat 1380 

10 tccaagttct tcgtcctgac cgcctcgctc tccttccctt cgtcggctcg cgactccgac 1440 

ctoaaggctg gtttcgagat cctgtcgtcc gagtttgagt cgaccacggt ctactaccag 1500 

ttttccaacg agtccatcat cattgaccgg agcaactcga gtgctgccgc cttgactacc 1560 

gatggaatcg acacccgcaa cgagtttggc aagatgcgcc tgtttgatgt tgtcgagggt 1620 

gaccaggagc gtatcgagac gctcgatctc actattgtgg ttgataactc gatcgttgag 1680 

gttcatgcca acgggcgatt cgctctgagc acttgggttc gttcgtggta cgagtcgtcc 1740 

aaggacatca agttcttcca cgatggcgac agcacggttc agttctcgaa catcaccgtc 1800 

tacgagggac tgtttgacgc ctggccggag cgggccagg 1839 

25 

<2I0> 5 
<21I> 20 
30 <212> DNA 



<213> Artificial Sequence 



35 <400> 5 

caa tgaagc t caccac tacc 



<210> 6 
<211> 20 
<212> ONA 

<213> Ar tificial Sequence 



so <400> 6 

atcccggtca atttctctcc 
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<210> 7 

OTT) 1809 

s 

<ZI2> DNA 

<213> PeniciUiun roqueforti IAM72S4 
w <220> 

<221> CDS 
<222> (1).. . (1694) 
<221> intron 
<222> Cl 695). . . (1744) 
<221> CDS 

<222> (I74S).. . (1859) 



15 



20 



25 


<400> 1 
















gttgat t tec 


ataccccgat 


tgactataac 


tcggctccgc 


caaacctt tc 


taccc tggca 


60 




aacgeate tc 


t tttcaagac 


atggagaccc 


agagecca tc 


t tc tccc tec 


a tc tgggaac 


120 


30 


ataggegace 


cgtgcgggca 


ctataccgat 


cccaagac tg 


gtctct tcca 


cgtgggt tgg 


180 




c 1 1 taeag tg 


gga 1 1 teggg 


agcgacaacc 


gacgatc teg 


ttacc tataa 


agacc t caa t 


240 




cccga tggag 


ccccgtcaat 


tgt tgcagga 


ggaaagaacg 


accc tc 1 1 tc 


tg tc t tcga t 


300 


35 


ggc teggtea 


t tecaagegg 


ta tagaegge 


atgecaac tc 


t tc tgtatac 


c tc tgtatca 


360 




tacctcccaa 


t ccac tggtc 


ca tcccctac 


acceggggaa 


gcgagacaca 


atcc t tggee 


420 


40 


gt ttcctatg 


acggtggtca 


caac t tcacc 


aagc tcaacc 


aagggcccgt 


gatccc tacg 


480 


cc teegt t tg 


etc tcaatgt 


caccgctt tc 


cgtgacccet 


aegt tt tcca 


aagcccaa 1 1 


540 




c tggacaaa t 


c tgtcaatag 


tacccaagga 


aca tggtatg 


tegecata tc 


tggcggtgtc 


600 


45 


cacggtgtcg 


gacc t tgtca 


gt tcctctac 


cgtcagaacg 


aegcagat tt 


tcaatat tgg 


660 




gaata tc teg 


ggcaa tggtg 


gaaggagece 


ct taat acca 


c t tggggaaa 


gggtgac tgg 


720 




geegggggt t 


ggggc 1 1 caa 


c 1 1 tgaggt t 


ggcaacgt c t 


t tagtc tgaa 


tgcagagggg 


780 


50 


tatagtgaag 


aeggegaga t 


a t tea taacc 


ctcggtgc tg 


agggt teggg 


ac t tccca tc 


840 




gt tec tcaag 


tctcctctat 


tegega tatg 


ctgtgggtga 


ccggcaatgt 


cacaaatgac 


900 
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ggctctgtca 


c 1 1 tcaagcc 


aaccatggcg 


ggtgtgc ttg 


actggggcgt 


gteggcata t 


960 


5 


gc tgctgcag 


gcaagatc 1 1 


gccggccagc 


tc tcaggca t 


ccacaaagag 


cggtgccccc 


1020 




ga tcggttca 


tt tcctatgt 


c tggctcact 


ggagatcta t 


tcgagcaagt 


gaaagga ttc 


1080 


- 


cc taccgc tc 


aacaaaac tg 


gaccggggcc 


c tct tactgc 


cgegagage t 


gaa tgtcege 


1140 


10 


ac tatctc ta 


acgtggtgga 


taacgaact t 


tcgcgtgagt 


cct tgacatc 


gtggcgcgtg 


1200 




gcccgcgaag 


ac tctggtca 


ga tcgacct t 


gaaacaatgg 


gaa tc tcaa t 


t tccagggag 


1260 




act tacagcg 


c tc tcaca tc 


cggc tea tc t 


1 1 tgtcgagt 


c tggtaaaac 


gt tgtcgaa t 


1320 


IS 


gc tggagcag 


tgccc t tcaa 


tacc t caccc 


tcaagcaagt 


tct tegtget 


gacagcaaa t 


1380 




atatc tttcc 


cgacc tctgc 


ccgtgac tc t 


ggca tccagg 

* 


ctggt t tcca 


ggt 1 1 ta tec 


1440 




tc tagtcttg 


agtc tacaac 


ta tc tac tac 


caat tc tcca 


acgag tccat 


ca tegtcgae 


1500 


20 


cgcagcaaca 


cgagtgctgc 


ggegagaaca 


ac tgctggga 


t cc tcag tga 


taacgaggcg 


1560 




ggacgtctgc 


gcctc ttcga 


f a f er \ t prpa 

L £ l g L. 1 £ I £ a 




lit a. K I lg4 


a a c i \ iggas 


1 0 c u 




ctcac tatcg 


tggtgga taa 


tagtgtac tg 


gaagta tatg 


ccaa tggacg 


ct t tgetc ta 


1680 


25 


ggcac t tggg 


c tcggtaagt 


ctctcttgtt 


ta tggaaga t 


tggtcaaaaa 


ctaaccgca t 


1740 




gaaggtcttg gtacgccaac 


tcgactaaaa 


ttaacttctt 


ccataacggc 


gtgggagaag 


1800 




cgacattcga 


agatgtgacg 


gtct ttgaag 


gactgtatga 


tgee tggeca 


caaaggaag 


1859 



30 



<210> 8 

35 <2U> 22 

<212> ONA 

<213> Artificial Sequence 

40 

<400> 8 

caactgetgg catcctcagt ga 

45 

<210> 9 
<211> 29 
50 <212> DNA 

<213> Artificial Sequence 

55 
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<400> 9 



10 



15 



20 



30 



35 



40 



45 



50 



55 



gcggatccat gaagctatca aatgcaatc 



<210> 10 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<400> 10 

geggatcctt accgagccca agtgcc 



<210> 11 

25 <211> 27 



<212> DMA 

<2?3> Artificial Sequence 
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acaggaa tc t 


tccacgtcgg 
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tc t tcaaagc 


c t tegcagaa 


gagcggtgcg 


ccggaccggt 


tcgtgtcgta 


cc tgtggc tc 
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ac t tcgaggg 
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gcggatcctt acctggcccg etecg 



25 <210> 17 

<2tt> 33 



<2I2> DNA 

<213> Artificial Sequence 



35 <400> IT 



cgactcgtac cacgaacgaa cccaagtgct cag 



Claims 

45 

1 . A polypeptide comprising the amino acid sequence of SEQ ID No. 1 or a homologue thereof. 

2. A DNA encoding a polypeptide according to Claim 1 . 

so 3. A DNA according to Claim 2 comprising the nucleotide sequence of SEQ ID No. 2. 

4. A polypeptide comprising the amino acid sequence of SEQ ID No. 3 or a homologue thereof. 

5. A DNA encoding a polypeptide according to Claim 4. 

55 

6. A DNA according to Claim 5 comprising the nucleotide sequence of SEQ ID No. 4. 

7. A vector comprising a DNA according to Claim 2, 3. 5 or 6. 
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8. A host cell transformed by a vector according to Claim 7. 

9. A process for producing a p-fructof uranosidase comprising the steps of: 



s cultivating a host cell according to Claim 8. and 

collecting the 0-f ructofuranosidase from the host and/or the culture thereof. 

1 0. A process for producing fructooligosaccharides comprising the step of bringing sucrose into contact with a host cell 
according to Claim 8 or a p-fructofuranoskJase obtained by the process according to Claim 9. 
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